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(57) Currently, with optical time division multi- 
plexing, a switching node is operated at the 

..... peak transmission rate. For example, if the data 
transmission rate is 10 Gbps. the line cards in 
the switching circuit are also required to oper- 
ate at this rate despite the fact that the switch- 
ing node does not actually need to access the 
data at this rate. Thus, the electronics, which 
includes the tine cards at the switching node is 
expensive and less reliable than a low-speed 

design, -In— this inventionr~the— requirement of- 

operating the switching : node electronics is 
eliminated by encoding the packet header field 
(22) at a lower rate than! the information in the 
data field (24). As a result, the line cards need 
only operate at the lower header rate. This is 
possible because the switching node does not 
need to process the data portion of the packet, 
but only the header ihfonmation. The high- 
speed data portion (24) ; of the packet is not 
optically to electrically converted at the switch- 
ing node, but it passes almost transparently 
through the switching node. The invention also 
discloses overlapping several logical networks 
on the same physical network. 
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tbchhical FJeld 



Brief Description orthg^DraWing 



This' i[Vi/ention rei^ to optical net- 

Worths ^'and more particularly to the method and 
' aqparalius of bit encocilng of an optical packeV; 

Biackgrbun'd of the invention ' ' ' 

The adyerit of gi^^bit-peKsecond' 'packed ^ 
works has focussed the iitteritibn df optlcafhetwork 
system designers dn the heed 'to selected 
useris with\ gigatit-pier-secbh^ 'hfetwo'rtc access 
'together vvith a high-speed itiuiti^»lexjng 
can'tfe used to 'acceiss* an optical 'channel. One 
approkch frequently' suggested is^^he use of lower 
speed channels With^wavelength' divisidn'ni^^ 
ingV Ubfortunately. since Ihiis sipprdach requrriss* divi- 
ding or "ch9ppi"hg'' the high speecl' traffic into niu'ltiple 
stfeSms for traWsrnis^ion .dn'seVeralT'chOTrie^s'.'^T^ 
tivefy coniplex ' traffic , lyhchroriizafidn' *ahd/6? Veas- 
sembly procedures are required at'the receiving end. 
It is noted that statistical time division multiplexing 
does not suffer from this disadvianfage.' It does, how- 
ever, require electronic. switching of nriultlpl^icecl &affic 
at the peak channel rate. Sv/itchirig ait'tHis' hlgh^'rate iS' 
t)6th corppiex and expensive bedsiuse this is the rate 

' at which a.line card 6f a' switching node must operate. 
For example, if the transmission rate of the"data is 1 
(3bps, the line c^rd must'd^tect and proc^^s thepack- 
e ts at 1 G b p s . y ^ jy hig h spe exi el et trori ics i s|[eip e n-"" " 
sive and the tis'chnolo'gy is,' as*V©t;* hbf ^uMSiently 
.mature/- Thus/ t^h is a heed to avoid "the lirtilta'kions 

' of high speed eiectrohics. ' ' " " ' * ' 



Suitirhary of thi a rnveiitioh . . ; ^ . 

Currently, with optlcaf time division multiplexing, 
the switching node is operated at the pbak transmis- 
sion rate. For example, if'the data trahisnriission rate 
is 10 Gbps, the line cards in the sWitch in g circuit are " 
also recjuired .to oper'ate at this rate 'despite the fact 
that'tfie switching node' does not actually nteed to 
access the data' at this rate^ ThUsJ'the electronics, 
which includes the I in^ cards at the switcKing node, is 

' Expensive and le^s reliable than a low speed design^ 
In this invention, the requirement of operating the 
switching nod6 electronics' at the high\speed'*jink bit 
fate is eiirhinated by' encoding the packet'header field 

/ at' a lower rate than the infonriatibn iri'th'e datia field. 
As a result, the line cards need ohl/ppj^r;^te*at the 
loweif" ' hisader rate. Thiis is ' possible ' b^ cab s'e the 
switching ndde.dbes hbt neWd to'process the data por- 
tion of the packet, but' only thie^hisader''infdrrhation. 
The. high-speed data portion of the j^acket is nbt opti- 
cally to eiectricaHy converted at the switching 'noder 
but passes almost transparently thrbugH'tKe s witching 
node. 



* Fig; 1 is an illustratioiri'tif a packet in accordance 
with the principle's of tfife-ihvention; 
5 ' FigV 2 is an illustraUbh'bf';^ switching structure in 
accordance with the principles of the invention for 
' ' 'switching and procesiihgWe packet of Fig. 1; 

• "'• Fic(! 3 is art flIU'sfration bf 

withlhe'^pnhcipleis of the inventiori^^^ 
10 er§l 'logicai' networks are weriayed'as a single 

' ' opflfcal physical network; ' 
" ' ' Fig: 4 is ^n illustration of ah existing Wchltecture 
of a switching node of S multi-'ho^ 
Fig/5 is ari iliu^tratibh of the^^^ bf'Fig. 
15 4 with low-speed line cards bieirig substituted for 

\ ' the'high-speed fine cards; ' ' ' ' * > 

Fig.' 6 is ari illustration of an 8x8 Shufflenet; 
' ^ ' ' Fig; 7'is an illOstration^of ia' switching node for use 
in d SKUfniBniBt network having a header rate of 
20*' lOO^Mbps arid a data r^e of 1 Gbps; 

" * Fig/8 is an iljustratioh of a Bfazenet network 
' ' Fig. 9 'is an- illustratibn of a switching -node in 
accordance' With the principle of the invention for 
use in this network bf Fig. 8:' arid 
25 Fig'. '1 6 is ari-illustratibh'of a netwbrk'ifbr rriulti-me- 

^* ' 'diurti traffic Tnfegrati oh' in^ a with the 

' ' principles 'of th& invention. 

betailed Description ^" 

' ' "Optical tran^hnissibh systems cin be classified as 
•■' being "air optlcaf nebA/oHd" or "almost all optical net- 
Work's:" In these networkis; rn ess ages and/or piackets 
' •' ' are converted tb^n optical signal upoa theil- ehtryJnto... 
the 'he^jork,' where thisy- 'are then forwarded and 
swifcheid as'bp^ical stgnais'Within the network: At the 
destinatio'n,Hhey'ar^ cbh Verted back Intb-an electrical 
signal/The diffeireftce'b "air and "almost air 

optical networks is tfiatih-^almbst Sll* optical networks 
the data path is optidalv but the switching 'control is 
el ectironic*; I n 'co n trast, ' i ri "^ai 1" ' b pticaf 'n etwo rks , the 
*^cbm pi ete network, the links, switchirig nodes and net- 
work interfaces *jare fully optical; Thiis, in the '^all" opti- 
cal 'networic the logic elernent^ and meiYibfy are 
"optical. An exaimple of an "almost all" optical network 
is disclosed in the "IEEE Transactions on Communi- 
\ cations'". Jbne. 1990; "Blazenet" by Z. Haas et al. An 
' 'kpiprbach to ah "air-'bptical network is disclosed in the 
' "IEEE Journal ^bn Selected Areas in Cbnrimuni- 
50' * 'cations", December 1986, "Utfrafast All-Optical 
'* Synchrbhbus Mijitiple Access Fiber Networks" by 

• P.R/Prucnal et al; * ' ■ 
^ * A prirnary reasori for using an "almost air' bptical - 
network having an opti'cai transport in combination 

55 with*' electi-onlc control pressing Is to preserve the 
■ ■•■ ihvestmerit which has been mad6'ih hardware and in 
^' •' hnedii deploym'eht as (he network bit rate Increases. 
'^^^ Advances in optical hardware products niay make the 
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electronic switchin^^^^^s of today*s networt<s obso- 
lete. As noted in -OFCn990 Postconference Edition, 
San Francisco, CA, J?n,^?2-25. 1990, "20, Gbit/s 100 
km Non-Linear :Xran^P»issipn With Semiconductor 
Source" by I.W. Ma^^ljail et al.; the bandwidth dist- 
ance of 2000Gbps;krnJ5 3chievable today. 

The main objectiortto^optlcal highrspe.ed time div- 
ision muitlplexing Isjhe requirement ii>.at the switching 
nbdq.must operate at the p.eak transriiission rate. If, 
for example, the data trainsqiis^lon rate is. 10 Gbps. 
than the line cards in, the switching node, are also 
required to operate at this-rate,.. despite the. fact that 
the switching np.c}e does not actually need to access 
the data at this rate. Elec^pnics operati.ng at 10 Gbps 
are relatively expensjve and. in ad^ition. ttie technol-. . 
iagy is not fully developed. In th.is,inyentipn,=we solve 
this problem. t5y separating, the. switching operation 
.from, the transmission operation,jSuch separation pro- 
^.vides the additional advaptage.-of. perrn^ indepen- 
dent changes in the switching pf the optjcal signals or 
in the .transmission facilities. (Thus, |or example, 
increasing the data rate to 100 Gbps requires virtually 
no change in the ^vyitching. nodes. , . 

In this invention. ,the separation is gbtained by 
using differerjit b.it rates.fof the hea.der field, the trailer 
field, and the data field ofTlhe-.optical packet Hence 
the name field coding. Referring to.Fjg. 1. th^e is illus- 
trated a packet in accordance with the principles of the 
invention. In Fig. 1, the p^pket 2Q can comprise a 
header section 22, followed by a data section 24, 
.which may be followed by a trailer section 26. When 
the. packet is forrped. the^header section 22 and the 
trailer/section 26 are encoded vy^th Infpnmatipn at a 
_rate^wMch/is c9mp^tjbLe.withJhiij)Rei;atiDg_spe^ of ... 
the electronic switchlng.or proc.js$ing equipment. The ^ 
data section 24, howeyej, is(iBnc9ded with.infprrriation 
at-^a.rate whicfi is cprppatibje .with the 
trarvsmission links. 5ince the switching nodg does not 
need to process the data section. of.. th p. packet, the 
switching node can operate. at.the lower header.rate, 
and the fast rate dgla field can pass almos.t transpa- 
- rentJy through the,switch. Thus,, as the data ^portion of 
the;packet is not cony,erted,by the.switch from. it§. opti- 
cal form to an electrical,§ignal, the structure for switch- 
ing the optical signal is that, of an ainnostall optical.^ 
network. , , .; ^ ; 

. Referring to Fig.-2,.there is.illustrated a.structure 
in accordance with the principles of the invention for 
operating a switch at a, speed conn mens urate: wjth the 
level of pressing required , to .support a very,. much ^ 
higher.speed networl^^ operation. A signal coniprising 
a packet of the type disclosed i^n,Fig...1., whiqh has a 
low rate header section. and a high, rate data section, 
is tra.nsmitted from a s.iation along an,pptlcal fi^er link 
30 to an opti.cal coupler 32. The optical; coupler 3?, 
diverts a small portion of the optical. signal in the opti- 
cal link 30 to a- low. speed receiver 34 ..and t.hp,.major 
portion of the. optical. signal is pass.ed by the .coupler 



through a delay 36 to a photonic syyitch 40. The low 
speed receiver detects and reads the' header-infor- 
mation of, the pacjset received at. the lower header 
rate. The low speed, electronic signal frorri the low 
5 sp^ed receiver is |directed..tp a. low speed et.ectronic 
control 38, which is coupled to control the operation 
of a photonic switct).4Q tp dirpct ipe opUcal signalfrom 
the delay 36 to a desired opticai link 42. "44 or 46, for 
transmission to t>^.e l?eader designated destination. 
10 Other derations* based oh . pro^ of the low- 
^ . ^_ Speed, header. may be perfprmed. . . 
. i Tjj^.'the'cp^^ the firansimission path 

tjrirpugh/h^^^ temporarily 
!/.!^,de|!aY9^c^^^ ^ei^y. 'f|i9!,36..to compensate .foi* the 
t5|,/,.^electrica^^ 

. . required! to. activate the phbtPnic switch 40. It is to be 
rioted .that ^ high rate data signals' nqt pressed at 
'■^''^^■^!}y '^^^'^y^^9 }^f ^witching operation* Thus, it can 
be^statedthat'tfie^^ is..transparent,to the 

20 ,-'high rate datV.infonriatjpn^ Qptic'al amplificatbn of the 
. V' optical .signal. may. be required, .depenclirig o.n.the net- 
..^vyork paraimeters.. , . . . ... ' ^ 

. The, need, for iVery fast electronic .memories for 
. .,,eiectronjc switct^es .i^. one of the paVarnetere that 
25,' J^.^^^JF'in®®)^*?^- ^^^^ ^ switching, node can operate. In 
... ppttcal^implennentation, th^ optical memoiy, can be a 
r - prptiierp. .Large .and . fa^Co'ptica^^ rar^dorn, access 
, VnemQries.are dlfficu(t,,to .implement.. Spnie arphitec- 
\;!'^^.tures.suph^^ ^*i*s 
30..^^.4!"^*i^**^n by.^n^ployina^ap alternative 
.'^.'^pi^^ojrik ^rchife that e.ffeptiye.iyreduQes prl^ 
^. ■ 611(71^031,68;,^^^^^^ need fpr locar buffering , within the 
switching nodes. In Bfazenet. f9r^xample^ it is done 
by. utilizing _the inhe rent sto rage of the optical m edia 



35 to provide buffering. Qontention rjesolutjon cap be per- 
formed in "almost all" optical networks by * * 
. Biazenet/Blazelan line architecture, , 

:;V!^!^'^,*,.7"Hp^^^ . " 

^ ^r.- Cpcal opticaLdjBlay-line,"b.uffering,>nd^^ other 
.iu'> approaches; . - .. • •' 

, [[\ '.1^' itis possible' to imprehrijenl the idea of field cpding 
'.V sBy. Time pjvis.ipn Multiplexing .(XP.fi/1), N^avel^ngth 
"".'...r! Pjyjsion'Muitipl^ (VVDM) or Space b^ivipioa Multi- 
''\,p^exing.(SDMj'. fhus^ Ipvv-speed cantrpf channel 
45.. . . .can , be real ized as tim e-rpul ti pi exed on th e. same 
, .chann.el (Tt)M}..on a.differeot wa^y^je'ngth (WDM), or 

ieyen/as^a t^taljy different.fib.er (S'[^^^ 
^^J. of the .|rpM 'system is that Jt reajiily provide framing 
\'u^.i^fom so.mj? ..of the data channel 

50 7-' .capaVity'is wasted due tpthejoyy In WDM 

anc^,§bM this wasted capacity, can be ppnfined to a 
separate, -channel toj.inprease the' 'available data 
7 .capacity, [i^ojf^eyet;, WDM and SP'M may. be more 
^7 expensive.Vin>plem.ent, and inripractical in'long span 
55 ".,7,rietwortj;;Vec^use pf the $yf?chrpjiization problem. 
.,V. . J .R.efjarring.toVig, 3,, there 'are. i!rustraled several 
^* ' logicarnetVvort^s overiai^ physical networl^ 

using the principles of this invention. For example. 
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assume,an.ehvir^^^^ where there is a need for an 
ihterconniBCt network to support' three separate net- 
works such as 10 Mbps* (Ethernets) 50.' 100 Mbps 
Fiber Data DlsU^ibution iriVerface' (FDDIs) 52, and 1 
Gbps (high speed LANs) 54 coupled to fonm a ring. It 
is, of couVse. pb^slblei to build thVeesepara^^ physical 
networks. H6wever,;'another approach is \b integrate 
* all the thre^ netwprtcs oh the sa^ 
by using theTieid-codirig^^^^^^ ari arrange- 

ment Is shown in Flgure'3. The header 'structure on 
the rincj' contains a simple two^bif ihdicatic^^ to identify 
' network a packe^t belongs to; Myery'no^ie has the 
capabilj.ty to read Vie low7spe deter- 
mine whether fhe pabket Beiorigs to its network. If so, 
the packet may be extracteci' frorh tfre ring, by the 
receiver that is cbnipatible wit^ thie' dat^' r'^^ of the 
pacHeL If not/ the data-field is not read. 1^ for 
example, only 10 Mbps capability in the 

nodes' that belong td'the 10 Mbps networit/Tihe major 
advantage of such an arrangement is that Jt/edijces 
the amount of required fiberj i.e/, a singl^ physical, 
media is shared by several different and distinct net- 
>orks/^ Moreover, upgrading , a network nodes 
' requires changes only in (he node design, not in the 
" fiber routing^ Thiis. for instance, there Is no need for 
any fiber rerouting for a customer that is connected to 
the id Mbps network and needs a new connection to 
the 100 Mbps network. - - » ? 

Encoding the header and the data at different sig- 
naling rates, as disclosed here, is particularly attrac- 
tive in multi-hop networks. In multi-hop networks, the 
switching nodes must examine a packet upon its arri- 
val to detenmine on which output port the packet is to 
be..sent^lf_the_headerJs.low-rate_encoded.Jhe .line,., 
card circuits that are responsible for examining the 
packet header can be significantly simplified. This is 
Illustrated in Figs. 4 and 5. 

Fig. 4 illustrates the architecture in use today. Fig. 
5 illustrates the architecture which can be substituted 
for the currently used architecture when using the 
principles of the invention. In Fig. 4 each of the vinous 
high speed line cards 60. 62, 64. 66. 68 and 70 can 
be removed and replaced with low speed line cards 
72, 74, 76, 78, 80 and 82 as shown in Fig. 5. 

Of course, the local traffic still needs to be mod- 
ulated/received by a high speed transmitter/receiver. 
However, this requires only a single high-speed trans- 
mitter/receiver per switching node. Thus, the saving is 
very dramatic in a network with nodes that have a 
large number of incoming/outgoing links. 

In a hot-potato network, a packet that cannot be 
forwarded on the required link because the link is 
used by another packet, is sent on another thee link, 
possibly even in the wrong direction. Hot-potato net- 
worlds do not require switching memory and. theref- 
ore, are suitable for "almost-air optical implemen- 
tation. The issue of resolution of contention is non- 
existent in a hot-potato routed network because 



blocked packeits need rtbl Bfe' stored."'A possible hot- 
potiato afcliiitecture Ts Shuffti^nWnetwo as illustrated 
; in Fig'. 6. See "AT&T Teifi^fca^^^^ Nov/Dec '87. 

' ' *Terabit Lightwave ' Nfetvybrks; the Multihop 
3 /Approach" pages'^21-3f^^^ T " ; 

■ A Shufflenet ^witching node design, when using 
' fiiBid cbding* in accordance principles of this 
* inveintibnWiW a ioWVatH'hWd^^^^ high speed data, 
is illustrated in Fig:' 7. iVis to be noted that the two line 
10 cards 90, 92 are designed to operate at the lower rate. 
Only the local traffic transmitter 94 and receiver 96 
need to have high speed capability. 

Blazelan^is an ^almost-all" optical network. See 
L/!s: Patent #4,970^1 7Jt uses the fiber link storage 
15 as contention buffering schema; i.e.. blocked'packets 
are recirculated in the optical links, ^lazelan is a par- 
* ticularly atfradtive schenie to be used in conjunction 
with 'th4 field-coding technique, since the contention 
is resolved without the need to locally buffer the data. 
t|i^ network is "targiBted toward^ very high-speed 
commuhicatibn with the f simple ^ source-routing 
algorithm. Moreover, it is a multi-hop network, and, 
therefore most of the traffic handled by an "average * 
switching node is^ through traffic rather than local traf- 
25 fic.' arid data field of through traffic' need not to be 
detected. In fact, the connectoj-s that are used to 
increase the distance between switching nodes have 
no local traffic, and therefore can be built inexpen- 
sively. Moreover, since the lo^op-reptidatibn technique 
30 that is used to reduce the effect of input queue ing on 
the Blazelan switch' perfontianc^ increases the nunv 
ber of line-cards, the field-coding technique may con- 
siderable1re(jucethe cost of the implementation of the 
loop-replication technique. An examp le of a Blazelan 
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network is illustrated In Fig. 8 and an illustration of a 
switching node for use in 'the network of Fig. 8 which 
operates vylth a^fif id coded pack^ here disclosed, 
'is illustrated in FPg. ^9. 

High-speed user 'acces^ \ i^ an important 
challenge the researcji "conrtmunity is struggling to 

;'isbfve/As;local-are'a networks mdreasingjn speed. 

'ifhere is' a ifieed for hi'gh-speed interc'bnnection. so that 
the high;speed user access will not be slowed down 

' by the interconnection bottleneck.' An approach would 

* be'tO u^ie'a Metropolitan Area Network (MAN). Unfor- 
tunately. MANs are designed today to support speeds 
comparable with LANs. Thus inferconnecting LANs 
with MANs results iri the interconnection bottleneck. 
Consequently, a new type of ' intefconnectlon is 
needed that will be able, on one hand, tb support user 
rates comparablfe'to thb LAN rates and, on the other 

' hand,' provide aggregate throughput well above single 
user access. Moreover, such a network is fisquired to 
provide bopnectivity among different and incompat- 
ible LANs. We have' presented such an interconnec- 
tion scheme that is based on the separation of 
transmi'ssiop' from switching. The' ever increasing 
transmission rates will have virtually no effect on the 
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design of the ^witchipg ti^apdware. Thus th^ fleld-cod- 
inq scheme p re seryes. in vestment. Moreover, drffe- 
rent gnd distinct. ne,^o^9. gan be integrated over the 
sarpe optical subnist^J^s may be in pfirticular attrac- 
tive to achieve muiti-media traffic integr^tibn,' espe- 
cially, since users may require different services. 
Thus, for example, if au^.r fegvires .h^^ the user 
connection to the yicjeo/ate rnay be missing. Such an 
an-angement.ls shown i'n.Fjgure.io. / [ \' 



Claims . . 

l/' Th^ method of encoding , an optica 

a. header field portipn and a data fi^ld ^.prtipn 
^ \ comprising, the steps of , . 

ericoding header, in.fp^^tipri jn/*said 
header field portion of said packet at^ a ififst bit 
rate* and . . V . . / 

encoding data information in said data^fieid 
\ . portion of said pacf^et at a second bit r^te different 
. than that Qf said first rate/ 

2. The method of claim V / 

[\ wherein s^id^second bit rate is higher than 
said first bit rate, ' 

,3. The method qf claim 2 wherein s^id p,acket'has a 
trailer field portion 

further comprising, th^ step of 7 
encodjng taller information ih\ said .trailer 
^^..field.' \, V- 

portion at .^ bit„rate substantially .equal to 
I thatpf said first bit rate. ' 



4. The rpethbd of ciaim 1 . . . .7 . . 

.J further cpm prising th^ steps of . *. . ^ ^ 

forming a second papket havinig a^he^ader 
^ . . field portion apd a . data field portion, 

en cpd i ng r header ..Info rniation in. said ^ 
header field portion of said secQnd .packet at a 
third, bit rate , which i9 ec^ual to that of said^firet bit 
rate, and . , , 

^ ericoding datainformation iff sajd dM^^^ 
portion of said second packet at a fourth bit rate .^^ 
which is different frprn that of said, first,' second " 
and third, bit rates. ' " " 

5. The m.ethod of daim 4 wherein^ said second 
packet has a trailer field portion. * . 

further comprising the.step of .^ '.^^ 
. encoding trailer information in said trailer 

fiefd., ■ ' ' ':' ; 

poftiori, of said seep rid, packe t at a bit Vale 
^ubstantiai/y equal to 't^hat of said first, bit rate* 

6. A switching >node for an optical packet havjng at 
least a header field portion and a data/ield portion 



where infonmatran encoded in said header field 
portion is encoded at' a firsf rate, that is different 
.from 'a secpnd^fate ft yy!hlch*|infpfmation is 
encoded in said data field pprtidn ' I " ' 



5 . . . coipppsing . , • 

receiver meah^^^ 
verj\from,Pfitlcarto ele^^ only the infor- 

' . mation ericdded at said first rate in said packet, 
^..control nnean$ coupled to rec^Jye electrical 
10 ' sfgnats.from^aid Veceivecjrie^ ' 

... : .: . . Qpt|c.a).' coupler me^ coupled to pass a 
V VJ' ..feceiiyed ppiica both Vo said receiver 

.„ \ /, PPticarswitching having an optical 

15 \. 'Opjirpi^Kand atje.ast two ppticaf output ports for 
}\9)?/i^fP'*?^'j?.^^y^^ optical packet at 'said 

^..1 r . 'ripy^ POrt'to gh output ^pdrt ppritrblled by signals 
^ ' . ^""^ frpm^aid .control means to switch the packet from 
ij.. ^Vaid dejay me^ 
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^ . ' \ optical coupler and said optical switching means 
26 J.' [ io prevent the packet from the coupler from reach- 
\\ ,^.\'\npt^^\npu\ poirt of the, switching' means before 
said switching nrie^ahs is ^ctivated by^slgoals from 
" the control means. - 

■ir.:;-: ^^a; , . - ; \y ■■■•? }'' . i t 

V v'^is .'m- . , *..ri' • i- '> . o* 
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